We consider the Ferromagnetic-String-Formation-Probability correlation function (FSFP) for the spin-1 2 Heisenberg XXZ chain. We construct a completely integrable system of integro-di erence equations (IDE), which has the FSFP as a -function. We derive the associated Riemann-Hilbert problem and obtain the large distance asymptotics of the FSFP correlator in some limiting cases.
Introduction
In this paper we continue our investigation of a particular zero-temperature correlation function of the XXZ Heisenberg model in the critical regime ?1 < < 1 P j j0i; (1.2) where j0i is the antiferromagnetic ground state and P j = 1 2 ( z j + 1) is the projection operator onto the state with spin up at site number j. The physical meaning of P(m) is the probability of nding a ferromagnetic string (i.e. m (adjacent) parallel spins up) in the ground state j0i of the model (1.1) for a given value of the magnetic eld h. (1.4) where is a function of the anisotropy and the magnetic eld h. The kernels are given by (as compared to 2] we have performed a similarity transformation, which leaves where h( ; ) = sinh( ? +2i ) i sin (2 ) . The occurrence of the dual elds is a consequence of the interacting nature of the Heisenberg model (see Section XI.1 of 1]). By construction the elds ( ) commute for all values of spectral parameter ( ); ( )] = 0. The contribution of the dual elds (to the expectation value (0j det(1 +V (m) )j0)) can be visualized by decomposing all dual elds according to (1.7) and then moving all exponentials of annihilation operators a(l) to the right, picking up contributions whenever passing by an a y ( ).
The purpose of the current paper is to derive a system of integro-di erence equations that drive the Fredholm determinant of the operator b V (m) in the correlation function P(m) (1.3) . This is done in Section 2 and can be considered as an extension of the idea of describing quantum correlation function by means of di erential equations Painlev e] due to E. Barouch c K in the denominator of (1.3) amounts merely to an overall normalization independent of the distance m and will not be considered here. In Section 3 the Riemann-Hilbert problem associated with the IDE is formulated. Finally, in Section 4, we determine the long-distance asymptotics of the FSFP in some limiting cases.
Integro-Di erence Equations
We start by bringing the kernel of b V (1.5) to \standard" form 1]. We rst perform a change of variables z = e 2 w?1 e 2 ?w (recall that w = e 2i ), which maps the real axis on the contour C : ! z = exp i (see Fig. 1 ) where ? < < 2 + ( < 0 by de nition).
The endpoints = e i and = e ?i (we integrate from to ) of the contour are related to the magnetic eld h and the anisotropy . Using the identity (valid for 2 < < 
where the integration is to be performed along the contour C. We note that V is symmetric and nonsingular at z 1 The additional restrictions necessary to solve the equations uniquely are provided by the requirements on analyticity and the asymptotic behaviour of the solutions of the corresponding linear system (2.12), (2.13), i.e. by speci cation of the data in the corresponding Riemann-Hilbert problem (see Section 3).
Proof: The proof is analogous to the one for the XXX- In order to simplify our notations we will from now on suppress the m-dependence in equations where all quantities are to be taken with the same m and write e.g.`(zjs; t) instead of`( m) (zjs; t). In terms of the corresponding kernels the properties 1{3 can be rewritten in the following way:
P1. (zjs; t) is an analytic function of z 6 2 C for all s; t. Taking into account the explicit formula for`(z) and Eq. (3.9) we obtain the representations (2.6) for B ab (s; t) de ned in (3.6) . This shows that (z) ful lls the integral-operator valued version of the system (2.12), which can be reobtained from we arrive back at the equations (2.12).
Let us now study the -derivative of the function (z) in order to connect (2.13) to our RHP. The corresponding analysis is very similar to the ones for the Bose gas 6] and the XXX chain 5]. In the neighbourhood of C the function (z) can be represented as q.e.d.
Asymptotics in some limiting cases
In this section we obtain the large distance asymptotics of the FSFP correlation functions in two limiting cases. The rst case corresponds to the limit of very strong magnetic ld.
In the second case, the magnetic eld is arbitrary but the value of parameter is chosen to be 3 =4 corresponding to the free fermionic point. On the basis of the above results we conjecture that the FSFP exhibits a Gaussian decay for any value of and any value of the magnetic eld h < h c .
